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Mediterranean ecosystems in a changing world: main drivers
Higher impact:
 Habitat change
 Invasive species
Increasing trends:
 Climate change
 Invasive species
 Pollution
European project RECARE: 
Preventing and remediating degradation
of soils in Europe through land care
(2014-2018)
http://recare-project.eu/
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Soil threats in Mediterranean ecosystems
Soil threats in Mediterranean study sites:
 Soil erosion – Caramulo (Portugal)
– Peristerona (Cyprus)
 Desertification – Canyoles (E Spain)
 Loss of organic matter – Veneto (Italy)
 Salinization – Crete (Greece)
 Contamination – Guadiamar (SW Spain)
RECARE framework for soil-related ecosystem services
Schwilch et al. (2016) Ecological Indicators 67: 586–597.  
 Soil processes represent
the ecosystem´s capacity
to provide services.
 Soil properties can be 
inherent or manageable.
 Vegetation can be 
managed affecting soil.
 Benefits are valued by
society.
 Values influence
decision making and  
land management.
 Ecosystem services may
be utilized to produce 
benefits for the human 
society.
http://recare-project.eu/
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Plantations design
Soils contaminated by the
Aznalcóllar mine accident
 Failure of the tailing dam wall on April
25th 1998. 
 4-5 million m3 of toxic tailings flowed
down the river.
 4.634 ha affected along 62 km.
 Covered by a layer (2-30 cm) of black
sludge rich in As, Cd, Cu, Pb and Zn.
Soil Clean up and Remediation
 Purchase of affected land.
 Removal of the sludge layer and topsoil. 
Addition of amendments:  lime, compost 
and manure.
 Mixed plantations of 26 native trees and 
shrubs.
 Protected as Guadiamar Green Corridor
(2.706,8 ha, April 26th 2003).
 Total investment: 165.396.261,58 euros
Regional Ministry of Environment, Andalusia, Spain
Case study: Guadiamar Green Corridor
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Improving ecosystem health by phytostabilization
Bolan et al. (2014). J. Hazard. Mat. 266:141‐166.
Phytostabilization: Use of higher plants and associated
microorganisms to immobilize contaminants in soil, through
absortion and accumulation by roots, adsorption onto roots or
precipitation within the root zone, and physical stabilization of soils
(Bai et al. 2015).
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Which tree species are better for the 
phytostabilization of trace elements?
Tree‐soil relationships were analysed for seven tree species
planted in the same area (like a common garden
experiment). 
Marañón et al. (2015) Web Ecology 15: 45–48.
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Variability in the Cd concentration in leaves.
Marañón et al. (2015) Web Ecology 15: 45–48.
Which tree species are better for the phytostabilization of Cd?
 There were significant
differences among species for
all elements. Remarkable for
Cd (F=9.07, p=0.000015).  
 White poplar is less suitable
because of its high levels of Cd 
(and Zn) in leaves. Well above
the toxicity threshold
(0.5 mg/kg).
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Variability in the Cd concentration in roots.
Marañón et al. (2015) Web Ecology 15: 45–48.
Which tree species are better for the phytostabilization of Cd?
 There were significant differences
among species. For example, Cd 
(F=5.89, p=0.00045).  
 Fraxinus and Pinus contributed 
more to immobilize Cd in soil. 
Although could be toxic for soil 
fauna.
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Variability in the Cd concentration in top soil.
Marañón et al. (2015) Web Ecology 15: 45–48.
Which tree species are better for the phytostabilization of Cd?
 There were marginally significant
differences among species. 
Example of Cd (F=2.25, p=0.056).  
 Maximum stabilization of soil Cd 
was under Fraxinus, Populus and 
Ceratonia (above Open level).
 Maximum loss of soil Cd was 
under Pinus (below Open level).
Initial level
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Selecting trees for multifunctionality: phytostabilization
Phytostabilization of cadmium
Tree species
Low transfer of Cd 
to leaves
Cd retention in 
roots
Cd stabilization in 
soil
Total 
score
Celtis australis 5 2 2 9
Ceratonia siliqua 5 2 5 12
Fraxinus angustifolia 5 5 5 15
Olea europaea 5 2 2 9
Quercus ilex 5 2 2 9
Pinus pinea 5 5 ‐3 7
Populus alba ‐5 2 5 2
The best!
The worst!
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Evaluating tree potential for phytostabilization of As, Pb, Tl, Cr, Mn and Zn
Mitigating climate change by carbon sequestration
http://www.forestry.gov.uk/fr/INFD-62NBUH
Carbon sequestration as Ecosystem Service of Regulation:
 Ecosystems regulate the global climate by storing and sequestering greenhouse gases. As
trees grow, they remove carbon dioxide from the atmosphere and effectively lock it away in
their tissues. In this way forest ecosystems are carbon stores (TEEB 2010).
http://www.teebweb.org/resources/ecosystem‐services/
 Soils store about 74% of the estimated terrestrial organic carbon (1,912 Pg C)
Scharlemann et al. (2014). Carbon Management 5: 81‐91.
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Selecting trees for multifunctionality: Carbon sequestration
The best!
Carbon sequestration in soil
Tree species
Litter quantity Litter quality Soil carbon
Total score
Celtis australis 2 5 1 8
Ceratonia siliqua 5 5 5 15
Fraxinus angustifolia 2 5 5 12
Olea europaea 2 5 3 10
Quercus ilex 2 5 3 10
Pinus pinea 5 2 1 8
Populus alba 2 5 5 12
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Evaluating tree-soil interactions to remediate degraded soils and 
provide multiple ecosystem services: ongoing work
Using the RECARE framework, with
participation of local stakeholders, we plan
to evaluate other ecosystem services:
provisioning (timber, forage) and cultural
(identity, aesthetic).
Schwilch et al. (2016) Ecological Indicators 67: 586–597. 
MEDECOS 2017
Sevilla, 1st February 2017
Other results on the Guadiamar study site
 Sp. 02‐14‐O ‐ Marta Gil‐Martínez: Mycorrhizas
 Sp. 02‐17‐O ‐ Álvaro López‐García: Mycorrhizas
 S. 07‐9‐P – Maite Domínguez: Ecosystem services
 Sp. 10‐12‐P – Sara Muñoz: Modelling resilience and ecosystem services
RECARE project
http://www.recare-hub.eu/stakeholder-platforms/guadiamar-spain
RESTECO project (CGL2014-52858-R)
http://www.resteco.es/en/
Thanks!
SoilPlant Group (IRNAS, CSIC)
http://www.irnas.csic.es/uso-sostenible-del-sistema-suelo-planta/
